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AB ST PACT 
e_ll__- 

V i s i b i l i t y  of the LRV o p e r a t i o n a l  c a p a b i l i t y  i n  
s p e c i f i c  mission roI.es i s  needed du r ing  the t r a n s i t i o n  of  
LRV development from t h e  des ign  phase t o  t h e  o p e r a t i o n a l  
phase.  This  r e p o r t  sugges k s  , by performancc r e p o r t  examples , 
t h e  types  of d a t a  t h a t  s h o u l d  be provided by NASA Centers  t o  
suppor t  t h e  monthly APO Performance Review. 

Two of t h e  performance r e p o r t i n g  examples emphasize 
t h e  LRV weight s t a t m  and c o n t r o l .  The t h i r d  example stresses 
energy margins and p o t e n t i a l  energy u s e s ,  which appear t o  be I 

c r i t i c a l  performance parameters. P e r i o d i c  perf oriimncc r e p o r t s  
should be based o n  an a c t u a l  miss ion  p l a n  and c u r r e n t  vehicle 
c a p a b i l i t i e s ,  ra ther  than a h y p o t h e t i c a l  r e f e r e n c e  mission.  
S e l e c t i o n  of  t h e  optimum r e p o r t i n g  method r e q u i r e s  a review of 
t h e  Cen te r s ’  c a p a b i l i t i e s  t o  respond t o  t h e  Prograin O f f i c e  
r e p o r t i n g  needs.  
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INTRODUCTION 

The t r a n s i t i o n  of  LRV development from t h e  des ign  
phase t o  t h e  o p e r a t i o n a l  deployment phase n e c e s s i t a t e s  a 
new means of provid ing  program v i s i b i l i t y  of t h e  o p e r a t i o n a l  
c a p a b i l i t y  of t h e  LRV i n  s p e c i f i c  mission r o l e s .  One element 
of t h i s  process  i s  t h e  development of meaningful performance 
r e p o r t i n g  methods t h a t  can be imp1.emen'c.ed by t h e  cognizant  
NASA Centers  and r e a d i l y  understood by t h e  Apollo Program 
Of f i ce .  Typical., b u t  n o t  n e c e s s a r i l y  v a l i d ,  v a l u e s  are used 
t o  d e s c r i b e  t h r e e  examples of perlorniance r e l a t e d  rc:ports 
t h a t  i n d i c a t e  t h e  types  of da t a  need f o r  adequate  program 
v i s i b i l i t y .  

I t  i s  suggested t h a t  d a t a  be provided p e r i o d i c a l l y  
by NASA Centers  s u f f i c i e n t  t o  provide  t h e  sugges ted  o r  s i m i l a r  
r e p o r t s  t o  Apollo Program Off ice  a s  one element  of t h e  monthly 
APO Performance Review. A s  LRV miss ion  p l a n s  develop,  it i s  
expected t h a t  t h e  importance of  s p e c i f i c  d a t a   sill becoine more 
appa ren t  and t h a t  t h e  r e p o r t i n g  techniques  can be c o n t i n u a l l y  
o r i e n t e d  toward t h e  most c r i t i c a l  i.-i;ems. 

RANGE AND GROSS WEIGHT PERFORMANCE 

The v e h i c l e  performance i n  t e r m s  of t o t a l  range 
c a p a b i l i t y  as a f u n c t i o n  of t o t a l  LRV weight  i s  i l l u s t r a t e d  i n  
example 1. I n  o r d e r  t o  genera te  t h i s  cu rve ,  t h e  v e h i c l e  range 
is  c a l c u l a t e d  f o r  a v a r i e t y  of g r o s s  weights  on a c t u a l  t ra -  
v e r s e s  expccted f o r  a s p e c i f i c  mission.  The mission i l l u -  
s t r a t e d  i s  a Marius H i l l s  "J-1" mission",  which i s  comprised 
of t h r e e  sorties t o t a l l i n g  42 km i n  1 2  hours .  Seve ra l  param- 
eters of i n t e r e s t  c a n  be shown on t h i s  f i g u r e  a s  demonstrated 
by t h e  t o t a l  range requirement ( 4 2  km) f o r  t h e  s p e c i f i c  mis s ion ,  
t h e  g r o s s  weight r e f e r e n c e s  fo r  one or t w o  a s t r o n a u t s  p l u s  
ca rgo ,  and a p o t e n t i a l  maximum g r o s s  weight  l i m i t ,  e . g . ,  1 4 5 0  
l b s .  Although t h e  d a t a  shown on t h i s  f i g u r e  a r e  u s e f u l ,  
p e r i o d i c  v a r i a t i o n s  i n  r e s u l t s  may be masked because t h e  LRV 
range i s  n o t  ve ry  s e n s i t i v e  t o  g r o s s  weight .  

"Minutes of t h e  seventh Lunar Sur face  Reference Mission 
P lan  meeting enc losu res  7 and 11 (Marius H i l l s  Northivestern 
S i t e  Candidate T r a v e r s e s ) ,  J u l y  2 1 ,  1 9 7 0 .  
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A second means of express ing  t h e  v e h i c l e  performance 
i n  t e r m s  of weright and range is  o j v e i i  i n  example 2 .  The unloa.chd s" 
LRV weight  on t h e  luna r  su r face  JS p l o t t e d  a g a i n s t  t h e  payload 
weight .  T h i s  a_l.lows a wei-ght cont3roL poj.nt  t o  he shown r e p r e -  
s e n t i n g  a gross weight t h a t  c o n x i s t s  of a s p e c i f i e d  LRV wcight  
and a s p e c i f i e d  payload weight. A weight  sta:tus p o i n t  i s  a l s o  
shown f o r  c u r r e n t  v e h i c l e  arid payload r e p o r t e d  weights .  

Again, t h e  range can be c a l c u l a t e d  f o r  given g r o s s  
weights  on s p e c i f i c  J-missions,  as shown f o r  a Marius Hills 
"J-1" mission.  The range c a p a b i l i t y  i s  p l o t t e d  along- equa l  
g r o s s  weight l i n e s ,  p rovid ing  a s c a l e  a g a i n s t  which to measure 
t h e  range c a p a b i l i t y  a t  the s t a t u s  p o i n t .  The r e q u i r e d  range 
of 4 2  kin f o r  the mission shown i s  a " l i m i t "  l i n e  t h a t  con- 
s t r a i n s  t h e  s ta tus  p o i n t  t o  t h e  l e f t  t o  achieve  adequate  LRV 
performance. 

The a d d i t i o n a l  payl-oad o r  range a v a i l a b l e  can bc: 
i n t e r p r e t e d  from the f i g u r e .  However , a d d i t i o n a l  notes , e .  g.  , 
electr ical  energy bud-get, are needed t o  b e t t e r  understand t h e  
performance s t a t u s ,  because weight i s  probably n o t  t h e  most 
c r i t i c a l  LRV per f  orinance parameter.  

ENERGY BUDGET PERFOPJ4ANCE 

A r e p o r t  on t h e  LRV energy budget and p o t e n t i a l  u se  
of any margins would apparent1.y cover  t h e  m o s t  c r i t i c a l  per- 
forinance parameters .  Exainple 3 i l l u s  trates one means of d i s -  
p l a y i n g  energy performance s-Latus . The energy used t o  o p e r a t e  
t h e  LRV on a s p e c i f i c  "S-1" missi.on i s  p l o t t e d  a g a i n s t  t h e  
remaining o r  " r e se rve"  energy,  2nd t h e  t o t a l  energy l i m i t  - 
(8712 wh) i s  shown. 

The reserve energy c o n t r o l  p o i n t  can be es tah l - i shed  
by s p e c i f y i n g  t h e  minimusit r e s e r v e s ,  e .g . ,  1 0 %  of t h e  t o t a l  
sou rce  f o r  maxj-mum depth  of d ischarge  and 1 6 0 0  wh f o r  o t h e r  
use .  The remainder of t h e  t o t a l  8 7 1 2  wh can be used a s  an 
o p e r a t i n g  energy c o n t r o l  l i m i t .  

The s t a t u s  p o i n t  i s  e s t a b l i s h e d  by c a l c u l a t i n g  t h e  
o p e r a t i n g  energy needed f o r  the s p e c i f i c  mission us ing  c u r r e n t  
weights  and mission environment d a t a .  The r e s e r v e  energy above 
t h e  c o n t r o l  p o i n t  i s  t h e  usable  energy margin. 

The usab le  energy margin can be converted t o  addi-  
t i o n a l  mission range,  s tanding  t i m e ,  or  g r o s s  weight .  A con- 
v e r s i o n  s c a l e  f o r  nach of these  parameters, as shown, can be 
computed based on tile average c o n d i t i c n s  , o r  s e n s i t i v i t i e s ,  
for t h e  s p e c i f i c  mission ~ This wj .11  e n a d ~ l c  a quick  assessment  
of a d d i t i o n a l  c a p d b i l i t y  t o  be made by e x t r a p o l a t i n g  t h e  e x i s -  
t i n g  mission cond i t ions .  
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A method of quick  look r e p o r t i n g  i s  needed t o  enab le  
p e r i o d i c  assessments  of LRV mission perforinance. The f i r s t  
two cxamples g iven  emphasize the weight s t a t u s  and c o n t r o l ,  
which may n o t  be t h e  most c r i t i c a l  parametxlrs f o r  LRV p e r f o r -  
m h c e  monitor ing.  
and p o t e n t i a l  energy u s e s ,  which appear t o  be c r i t i c a l  p e r l o r -  
mance parameters .  

The t h i r d  example stresses energy margins 

I t  i s  a p p r o p r i a t e ,  as s t r e s s e d  i n  a l l  t h r e e  examples, 
t o  p r e s e n t  performance i n  terms of an a c t u a l  mission p l a n  and 
c u r r e n t  v e h i c l e  c a p a b i l i t i e s ,  r a t h e r  than  bas ing  performance 
on a h y p o t h e t i c a l  r e f e r e n c e  mission.  

A thorough review of t h e  Centers  ' c a p a b i l i t i e s  t o  
respond t o  t h e  Program Of f i ce  r e p o r t i n g  needs i s  necessary  
b e f o r e  t h e  optimum r e p o r t i n g  inethod can be determined. 

2 0 3 2 - PQR- C ~ S  
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EXAMPLE 3: LRV PEliFORii4ANCE STATUS, J - I  fdlSSION 
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